Very little dopa decarboxylase activity is detectable in adult female mosquitoes Aedes aegypti which have not been allowed to engorge blood . However, when such females are injected with the molting hormone ß-ecdysone a marked stimulation of this enzyme's activity is observable . No stimulation is observed in males similarly injected, nor in females injected with cholesterol or a juvenile hormone mimic . In addition, ecdysone injection initiates ovarian development in these anautogenous non-blood-fed mosquitoes . The extent of stimulation in both cases is dependent upon the amount of ß-ecdysone administered . These
INTRODUCTION
The chorions of both fertilized and unfertilized essary for the synthesis of the sclerotizing agent eggs of the mosquito Aedes aegypti are soft and N-acetyldopamine (2) . However, this in turn white at the time oviposition . Within a short did suggest a possible correlation between this time, in air, they gradually darken and harden enzyme and ovarian development in A . aegypti . and after 4 h the egg is completely black . This This postulation was confirmed when it was found process resembles the hardening and darkening that 5-day old non-blood-fed female adults exof the cuticles of newly molted insects, referred hibit very little dopa decarboxylase activity until to as sclerotization and/or tanning . Therefore, after they are given a blood meal, a necessary from this point of view it was not surprising to requirement for subsequent normal ovarian find that mature oocytes obtained from virgin A . development in this anautogenous species . A aegypti contained high levels of dopa decarboxylase dramatic increase in enzymatic activity then activity (1) , an enzyme which in Diptera is necensued which paralleled oocyte maturation (3) .
Removal of the resting ovaries before blood feeding resulted in no increase in dopa decarboxylase activity whatsoever, suggesting that the ovary itself may be the site of synthesis or activation of this enzyme (4) . The rise in dopa decarboxylase activity in adult female A . aegypti after a blood meal was reminiscent of an observation made by Karlson and co-workers who after injecting the molting hormone ecdysone into ligated Calliphora larvae found an increase in dopa decarboxylase activity (5) . This led us to ask if injection of ß-ecdysone into non-blood-fed adult females would also elicit an increase in enzymatic activity? Our preliminary observations were affirmative, i .e ., injection of the molting hormone into 5-day old non-blood-fed females did result in a significant stimulation of the dopa decarboxylase activity (3, 6) . The first part of this report will examine this enzymatic stimulation in more detail with reference to hormonal dosage effects and specificity .
Spielman et al . (7) reported that injection of ß-ecdysone into non-blood fed, anautogenous adult female A . aegypti stimulated vitellogenesis and that prolonged feeding of the hormone resulted in the production of a few normal eggs. Thus, in the second part of this paper we will further address ourselves to the relationship between ß-ecdysone, dopa decarboxylase activity, and ovarian development in these insects .
MATERIALS AND METHODS

Rearing of Mosquitoes
The wild type ROCK strain of A . aegypti (maintained at the Vector Biology Laboratory, University of Notre Dame) was used throughout the study . Mosquitoes were reared according to the generalized methods of Craig and VandeHey (8) . All experiments were performed using 5-day old adult mosquitoes maintained on apple slices which had been commercially blanched, packed in sugar, and frozen . Adults were given apple at the time of emergence . They received fresh apple on day 3, were starved on day 4, and then utilized for experimentation on day 5 . When required, a blood meal was administered using laboratory mice which had been anesthetized with sodium pentobarbital (Nembutal, Abbott Laboratories, South Pasadena, Calif.) . The time interval, post blood meal, was calculated from the midpoint of the feeding period . Only mosquitoes from the same rearing batch were used for any given experiment .
Injection
Adult mosquitoes were injected intrathoracically . The injection apparatus consisted of a mouthpiece, rubber tubing, a Leitz micromanipulator needle holder, and an injection needle made by drawing a capillary tube to a fine point . Routine injections involved a sample dose of 1 .6 f 0 .1 µl . This volume distended the abdomen to approximately the same degree as does a normal blood meal . In the "ungorged" abdomen, the tergites and sternites slightly overlap, such that no portion of the intersegmental membrane is visible when viewed laterally . To avoid dilution of the injected sample, care was taken to inject only those individuals that met the requirement of the ungorged . For this reason, individuals were starved 1 day before injection . After injection, the mosquitoes were again given fresh apple slices .
The following substances were injected into A . aegypti adult mosquitoes to determine their effect on dopa decarboxylase activity : Aedes saline (9) ; 1% Tween 80 in saline ; mouse blood :Alsevers (1 :1) ; mouse serum ; cholesterol (ICN Nutritional Biochemicals Div ., International Chemical & Nuclear Corp ., Cleveland, Ohio) ; synthetic juvenile hormone (Calbiochem, San Diego, Calif.) ; ecdysterone (Schwarz/ Mann Div ., Becton, Dickinson & Co ., Orangeburg, N . Y. ; Rohto Pharmaceutical Co ., Ltd ., Osaka, Japan) . The cholesterol (2 µg/µl) and synthetic juvenile hormone (5 µg/µl) samples were prepared in 1 % Tween 80 in saline, while saline alone was used for ecdysterone .
Dopa Deearboxylase Assay
The enzyme dopa decarboxylase (E .C . 4 .1 .1 .28) converts 3,4-dihydroxyphenylalanine (dopa) to 3,4-dihydroxyphenylethylarnine (dopamine) . Its activity was assayed by measuring the rate of conversion of radioactive substrate [2-14C] dopa to radioactive dopamine [1-14C] dopamine . Separation of product and substrate, and subsequent monitoring of radioactivity was accomplished by using a modification of the radiochromatographic procedure of Lunan and Mitchell (10) . Further details can be obtained elsewhere (3) . Protein concentration was determined by the method of Lowry et al . (11) using a standard curve corrected for phenylthiourea (PTU) interference.
For each enzymatic assay, at least 50 but more usually 75 individuals were homogenized in order to obtain the extract . Each value reported herein represents the average of six replicates . The range of variability in all cases was less than ±5% .
Photomicroscopy
Transmitted-light photomicrographs were taken with a Zeiss Ultraphot II equipped with a Luminar head . 4-by 5-inch Kodak Ektapan Professional film was used with this instrument .
Radioimmune Assay for Ecdysone
The radioimmune method of Borst and O'Connor (12) was used to assay for ecdysone in adult mosquitoes . The extraction and subsequent assay procedures were performed in Dr. O'Connor's laboratory at U.C .L.A . under the supervision of Dr . David Borst.
Six samples of mosquitoes were tested for the presence of ecdysone : newly pupated females ; 5-day old adult males ; 5-day old pre-blood-fed adult females ; and females 4-, 12-, and 24-h post blood feeding . The sample of newly emerged female pupae was included to serve as a control, testing the effectiveness of this assay in detecting the presence of ecdysone in mosquitoes . Approximately 1 g of each sample of mosquitoes of known number was respectively homogenized in approximately 5 vol (wt/vol) of 60% methanol for 2 min at room temperature using an Omnimixer . The homogenate was centrifuged at 5,000 g for 15 min, and the resulting supernate was filtered through paper . The precipitate was extracted two additional times in methanol as before ; the filtrates were then combined and mixed with chloroform (for protein denaturation) to give a final concentration of 20% . After the resulting mixture was filtered into a round-bottom flask, the solvents were removed by flash evaporation at 48°C . The residue was dissolved in 5 ml of methanol ; that which failed to dissolve was removed by centrifugation . About 10-50 µl of the methanol ex- of activity increases dramatically until it begins to level off at approximately 72 h . Furthermore, although the amount of enzymatic activity observed is not directly proportional to the amount of hormone injected, a dose-dependent response is evident . This positive correlation between the amount of hormone injected and the amount of dopa decarboxylase activity observed is seen whether the specific activity (Fig . 1 a) or the enzymatic activity per female ( Fig . 1 b) is monitored .
The increase in the specific activity of dopa decarboxylase suggests that ß-ecdysone is not causing a general increase in protein synthesis but does suggest some specificity in the mode of action of the hormone . To gain further insight into this possibility two questions were asked : first, will ß-ecdysone stimulate dopa decarboxylase activity in males and, secondly, will other materials injected into females mimic the hormonal effect observed? In order to answer the above questions critically, the enzymatic assay procedure was altered . The standard assay utilizes 10 µl of enzyme extract in which the reaction mixtures are allowed to incubate for 10 min . These conditions give one the true initial velocity of the reaction and serve as a measure of the amount of active enzyme present (3) . However, to be absolutely certain that we would not miss small increases in dopa decarboxylase activity, the volume of the enzymatic extracts were increased to 40 µl and the reaction mixtures were incubated for 1 h before termination . Thus if any dopa were converted to dopamine enzymatically, the chances of it being undetected would be considerably diminished . This modified assay procedure for dopa decarboxylase activity was utilized for the experiments depicted in Figs . 2 and 3 . Fig . 2 clearly demonstrates that adult males injected with ß-ecdysone show no increase in dopa decarboxylase activity . Likewise, this concentration failed to significantly enhance dopa decarboxylase activity (Fig . 1 ) .
At 24-h post injection there seems to be no real difference between the ovarian response to 2 . drocortisone, and estriole), nor by phagostimulants normally present in vertebrate blood (ATP, serum, and hemoglobin) . In addition, a juvenile hormone mimic (a terpenoid mixture) and synthetic Cecropia juvenile hormone had no discernible affect on ovarian development . Our work reported herein confirms their original observations in all aspects with regard to ovarian development and extends them to include the regulation of dopa decarboxylase by ecdysone . It was with this background that we were led to suggest that ecdysone is normally involved in ovarian development in A . aegypti . The results of our initial attempts to determine the endogenous levels of ecdysone in pre-and post-blood meal females support our hypothesis . A major implication of our hypothesis is that active ecdysone is produced, activated, or released and subsequently functions in an adult insect . Until recently, it was believed that the prothoracic glands synthesized the active hormone, and since mosquitoes (14) as well as most other adult insects do not retain this gland (15), 4 
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THE JOURNAL OF CELL BIOLOGY . VOLUME 61, 1974 ecdysone was thought to have little if any normal function in adults . The fact that significant levels of ecdysone have been detected in several adult insects, such as the locust (16), the silkworm (17) , and the milkweed bug (18) , has been referred to as "a slightly puzzling fact" by so eminent an authority as Wigglesworth (15) . ß-Ecdysone is formed by enzymatic conversion from its precursor a-ecdysone (19) , and there is now ample evidence indicating that ß-ecdysone is the active form of the hormone (20) . Nakanishi et al . (21) have shown that cholesterol is converted into both a-and ß-ecdysone in isolated abdomens of silkworm larvae in the absence of the prothoracic gland, and Ellis et al . (22), working with locust prothoracic glands, concluded that this gland does not produce ß-ecdysone. Thus, although there is not unanimous agreement among insect physiologists, more and more evidence is accumulating which strongly suggests that the presence of the prothoracic gland is not universally required for ecdysone activity . Conversely, the absence of these glands in adult insects does not necessarily mean, as had been previously assumed, that ecdysone is not produced and does not function in the adult .
The results of the Borst-O'Connor radioimmune assay for ecdysone are consistent with our hypothesis which supposes a normal gonadotropic function for ecdysone in adult mosquitoes, but by no means does it prove it . Our only firm conclusion from this assay can be that the concentration of a substance which is antigenically similar to ß-ecdysone is present in low levels in nonblood-fed females and increases after blood feeding. Given that known ß-ecdysone will initiate ovarian development, we suggest that the increase in antigenic specificity observed after a blood meal toward ß-ecdysone antibody is due to an endogenous increase in an active ecdysone-like hormone . We are not prepared, at present, to specifically identify this material . This point is especially pertinent because Spielman et al . (7) found that 22-isoecdysone, an isomer of ecdysone which is devoid of molting hormone activity in other insect tissues, will also stimulate ovarian development in A . aegypti . Experiments to determine the biological activity of our antigenicpositive material as well as its chemical and physical properties in order to identify it are now being performed . Concurrently, the synthesis and function of this material in ovarian develop- 
